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Abstract 

Synthesis  of  LiCoi  ^NiTE  by  soft  chemistry  leads  to  a  “new”  material,  which  is  more  reactive  and  has  a  different  morphology  from 
oxide  prepared  by  the  direct  solid-state  method.  The  preparation  of  material  by  soft  chemistry  consists  in  a  coprecipitation  of  powders, 
followed  by  a  thermal  treatment.  This  method  allows  a  better  control  of  structure,  morphology  and  specific  surface  area  (Sw).  This  one  is 
directly  linked  to  the  manganese  presence  which  can  increase  it  by  a  factor  10.  Concerning  the  morphology,  the  presence  of  manganese  in 
sample  leads  to  an  oxide  network  favorable  for  a  good  lithium  intercalation.  ©  2001  Elsevier  Science  B.V.  All  rights  reserved. 
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1.  Introduction 

The  layer  transition  metal  oxides  LiNi02,  LiCo02  and 
their  related  phases  seem  to  be  among  the  most  promising 
cathode  materials  for  lithium  ion  and  rechargeable  batteries. 
However,  the  pure  phases  have  some  disadvantages,  e.g.  the 
cyclability  of  LiNiCL  is  strongly  dependent  on  the  synthesis 
and  operating  conditions,  whereas  LiCo02  requires  rather 
high  potentials  upon  cycling.  Different  problems  are  present 
with  the  use  of  LiNiCL  despite  its  desirable  high  discharge 
capacity.  First,  the  poor  capacity  retention  when  charged  and 
discharged  at  full  depth  of  discharge.  A  second  problem  is 
relative  to  slow  kinetics  of  LiNiCL,  particularly  near  the  end 
of  discharge.  Third  is  the  difficulty  and  complicated  synth¬ 
esis  where  only  relatively  few  precursors  can  be  used. 

Recently,  a  series  of  the  LiCo^JMijCL  oxides  has  been 
studied  [1—4].  These  materials  showed  a  higher  capacity  and 
energy  than  conventional  lithium  cobaltite,  LiCoCL. 

Li|_,Ni|_v02  oxides  undergo  three  distinct  phase  transi¬ 
tions  during  oxidation  [5,6],  but  the  incorporation  of  some 
Co  stabilizes  the  structure:  no  phase  transition  occurs. 

Recently,  new  synthesis  methods  of  material  [7-10]  have 
been  studied  in  order  to  improve  the  AxM02  properties  and 
reactivity  (A  =  Li  or  Na  and  M  =  Cr,  Mn,  Fe,  Co  or  Ni). 
Then,  these  wet  synthesis  methods  have  the  advantage  to 
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control  the  morphology  and  size,  compared  to  conventional 
one. 

The  objectives  of  our  research  were  initially,  to  synthesize 
LiCoj  _aNL02  oxides  (x  ranging  from  0  to  1)  at  intermediary 
temperatures  (650-750°C)  and  then  to  move  to  possible  ad¬ 
ditional  substitutions  of  cobalt  by  nickel  and/or  manganese. 

After  calcinations,  mixed  oxides  should  meet  several 
requirements:  a  strong  dispersion,  i.e.  a  large  ratio  sur¬ 
face/volume  so  that  the  material  is  as  most  reactive  as 
possible,  an  homogeneous  distribution  of  elementary  parti¬ 
cles,  a  specific  surface  Sw  as  high  as  possible  and  an 
homogeneous  network  for  a  good  lithium  intercalation  with 
a  maximum  of  diffusion  paths. 

In  this  paper,  after  an  experimental  description  of  the 
synthesis  technique  and  of  the  characterization  methods,  the 
influence  of  parameters  on  morphology  and  structure  is 
studied  in  the  second  part.  The  last  part  corresponds  to  a 
discussion  concerning  a  possible  optimization  of  cathode 
materials  elaboration  method. 


2.  Experimental 

To  define  the  method  of  optimal  synthesis,  the  lithium 
cobalt  oxide  LiCo02  was  used  as  standard.  Then,  a  series  of 
LiCoi_  vNi  t02  oxides  (x  ranging  from  0  to  1)  was  prepared 
by  soft  chemistry  using  oxalic  precursors.  The  method 
consists  of  two  main  stages.  In  the  first  stage,  a  solution 
of  cobalt,  nickel  and  manganese  nitrates  is  precipitated  with 
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Table  1 


Experimental  conditions 


Lithiated 

precursors 

Transition 

metal  salts 

Solvents 

Complex 

agents 

Nitrates 

Nitrates 

Deionized  water 

Ammonium  oxalate 

Hydroxides 

Nitrates 

Ethanol 

Oxalic  acid 

Hydroxides 

Nitrates 

Ethanol  +  ethylene  glycol 

Oxalic  acid 

lithium-based  precursors  at  room  temperature,  in  oxalic  acid 
solution.  The  metallic  salts  are  dissolved  in  ethanol.  These 
alcoholic  solutions,  for  which  the  dielectric  constants  are 
sharply  lower  than  those  for  water,  usually  help  to  obtain 
oxalate  particles  smaller  than  those  formed  in  aqueous 
medium  alone.  In  order  to  obtain  oxalate  precursor,  we  used 
only  ethanol  and  lithium  hydroxide  as  lithium-based  pre¬ 
cursor.  Concerning  the  oxalate  preparation.  Table  1  sum¬ 
marizes  the  syntheses  made  in  various  solvents  and  complex 
agents.  In  addition,  the  control  of  the  operational  parameters 
( I \  pH,  speed  and  time  of  stirring,  thermal  processing)  is 
essential. 

To  obtain  a  good  lithium  intercalation,  it  is  necessary  to 
have  lithium  in  excess.  This  leads  us  to  optimize  the  initial 
ratio  lithium/metal  =  4/ 1 .  After  the  oxalic  precursors  pre¬ 
cipitation,  a  filtration  allows  to  separate  the  solid  phase  from 
the  filtrate  containing  the  lithium  in  excess.  Lithium  che¬ 
mical  analyses  in  the  filtrate  have  been  performed  by  atomic 
absorption  spectrometry.  In  each  case,  the  difference  with 
the  initial  lithium  content  has  been  confirmed  to  be  the  final 
lithium  content  in  the  oxalate. 

In  the  second  stage,  the  oxalic  precursors  are  decomposed 
under  air  flow,  heated  for  10  h  and  slowly  cooled  to  room 
temperature.  The  three  steps  are  as  follows. 

1.  A  dynamic  step  where  the  samples  were  heated  from 

room  temperature  to  Dwell  temperature  at  a  rate  of 

220°C/h. 


2.  An  isothermal  step  during  which  the  samples  were 
maintained  for  10  h  at  Dwell  temperature. 

3.  A  dynamic  step  during  which  the  samples  were  cooled 
from  the  maximum  temperature  to  room  temperature  at 
a  rate  of  220°C/h. 

The  global  chemical  reaction  corresponds  as  follows: 

LivM2_x(C204)2_x/2  •  «h2o  +  02 

— +  LixM2_  v02  +  2  — 'j  C02  +  «H20 

The  flow-chart  of  the  procedure  is  summarized  in  Fig.  1 . 

3.  Synthesis  and  characterization  methods 

For  each  synthesis,  studies  of  composition,  morphology 
and  structure  have  been  performed.  Chemical  analysis  was 
done  by  atomic  absorption  and  ionic  chromatography.  Che¬ 
mical  references  are  LiNC)2  for  atomic  absorption  spectro¬ 
metry  and  LiCl  for  ionic  chromatography.  Structures  of  the 
oxides  were  characterized  by  powder  X-ray  diffraction 
(XRD)  using  Cu  Ka  radiation  (SIEMENS  D501).  The 
specific  surface  areas  (Sw)  were  measured  by  the  BET 
method  using  nitrogen  by  a  Micrometries  Model  2100E 
Accusorb.  The  powders  were  observed  by  scanning  electron 
microscopy  (SEM)  with  a  JEOL  JSM  6400  device. 

XRD  patterns  analysis  of  the  oxalates  prepared  with 
lithium  nitrate  used  as  lithiated  precursor,  solvents  as  deio¬ 
nized  water  and  ammonium  oxalate  revealed  the  presence  of 
C03O4  only.  It  is  noted  that  no  LiCo02  phase  is  detected.  The 
use  of  ethanol  or  ethylene  glycol  as  solvent  induce  a  phase 
mixture  constituted  by  LiCo02  and  C03O4  (10%  for  the 
lithium  precipitation  in  ethylene  glycol  versus  60%  in 
ethanol).  SEM  studies  of  the  different  oxides  and  oxalates 
show  that  oxalate  is  needle  shaped  1  or  2  pm  long.  After 


Fig.  1.  Flow-chart  of  the  synthesis  procedure. 
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calcination,  oxide  is  constituted  by  particles  (1  pm).  The 
XRD  patterns  of  the  oxalates  prepared  with  lithium  hydro¬ 
xide  revealed  that  the  ethanol-ethylene  glycol  mixture  does 
not  allow  obtaining  of  a  pure  phase.  However,  pure  phase 
LiCoCT  is  obtained  by  using  only  ethanol  as  solvent. 

Oxalate  morphology  is  the  same  as  in  the  previous  case. 
Aggregates  size  is  smaller  and  network  seems  to  be  in  favor 
of  the  lithium  intercalation  because  of  the  number  of  diffu¬ 
sion  paths.  Thus,  a  mixture  of  ethanol/oxalic  acid  induce 
70%  of  lithium  precipitation  with  a  pure  phase  LiCo02. 

4.  Results  and  discussion 

4.1.  LiCo1_xNix02 

XRD  patterns  analysis  of  the  these  compounds  revealed 
the  presence  of  pure  phase  at  700°C  (see  Fig.  2).  Below  this 
temperature,  IJ2CO3  phase  appears  and  is  transformed  into 
oxide  above  this  temperature.  Furthermore,  presence  of 
C03O4  can  be  underlined  for  short  times  of  calcination. 
These  results  suggest  that  LiCoCF  formation  (with  or  with¬ 
out  nickel  substitution)  occurs  according  to  the  following 
procedures. 

•  At  the  beginning  of  the  process,  cobalt  ions  are  oxidized 
into  C03O4. 

•  In  the  same  time,  Li2C03  is  obtained  by  the  reaction  of 
LiOH  with  C02  and  by  the  heat  treatment  of  lithium 
oxalate  under  air. 

•  When  all  C03O4  is  formed,  the  formation  of  LiCo02 
prevailed  according  to  the  reaction: 

C03O4  -\~  §Li2C03  T  ^  02  — -  3LiCo02  T  3C02 


SEM  micrographs  of  the  oxalates  and  oxides  present 
different  morphologies.  Oxalates  exhibit  needles  1-7  pm 
long  from  an  homogeneous  repartition  for  x  =  0  to  a  com¬ 
plex  network  for  x  =  1.  But  after  calcination,  this  network 
changes  into  aggregates  of  1-15  pm  particles  (see  Fig.  3a 
and  b).  This  oxide  network  only  changes  for  x  =  0.2 
(LiCo0  gNi0.2O2)  in  very  compact  aggregates  of  10  pm. 

4.2.  LiNi  j  _x_yCoxMny02 

Like  the  previous  cobalt-based  compounds,  thermal  treat¬ 
ment  is  optimized  at  700°C  with  an  isothermal  step  of  10  h. 
Below  this  temperature,  reaction  is  not  complete  and  Li2C03 
is  still  present  (Fig.  4).  Furthermore,  the  morphology  is  quite 
different.  The  oxides  have  the  same  morphology  as  the 
oxalates  from  which  they  are  derived.  One  can  identify 
needles.  The  particles  are  homogeneous  in  size.  Fig.  5a 
and  b  show  the  micrographs  of  LiNi0  .75C00.  15M110.10O2  and 
its  oxalic  precursor.  Other  studies  have  shown  that  manga¬ 
nese  can  really  stabilize  the  oxalate  morphology  (different 
sizes  of  needles).  This  result  is  interesting  because  the  initial 
network  is  not  affected,  so  the  oxalate  reactivity  can  be 
partially  conserved. 

The  ,S’W  of  the  different  oxides  are  reported  in  Figs.  6  and  7. 
It  is  very  important  to  compare  the  .Sw  of  the  different 
compounds  with  the  nature  of  the  transition  metals  because 
it  is  directly  bound  to  reactivity.  The  Sw  of  the  oxides 
considerably  varies  with  the  nature  of  the  transition  element. 
As  a  result,  for  a  calcination  temperature,  LiCo02  has  a  more 
important  .S'w  than  LiNi02  (see  Fig.  6).  The  substitution  of 
cobalt  by  a  very  small  amount  of  manganese  increase 
drastically  the  ,SW  at  700  and  750°C  with  a  factor  10.  Same 
results  have  been  observed  with  LiNi02  samples. 


I  (u.a) 


20 


Fig.  2.  Diffraction  patterns  of  LiCoo.5Nio.5O2  as  a  function  of  calcination  temperatures. 
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b)  oxide 

Fig.  3.  SEM  micrographs  of  the  oxalate  and  the  corresponding  oxide. 


a)  oxalate  before  calcination 


b)  oxide 


Fig.  5.  SEM  micrographs  of  the  oxalate  and  the  corresponding  oxide 
LiNio.75Coo.15Mno.10- 
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T  (°C) 

Fig.  6.  Specific  surface  area  (Sw)  as  a  function  of  temperature. 


Nickel  content  x 

Fig.  7.  Specific  surface  areas  (Sw)  vs.  nickel  content  in  LiCoi-^Ni^C^. 


5.  Conclusions 

Considering  LiCoi_JCNix02  family  with  0  <  x  <  1,  the 
oxide  chosen  to  define  the  optimal  synthesis  method  by  soft 
chemistry,  is  LiCo02.  Other  composition  materials  have 
been  synthesized  by  this  method.  Thus,  various  types  of 
lithium  salts,  metal  salts,  solvents  and  complex  agents  were 
used,  with  the  control  of  the  experimental  conditions  (pH, 
temperature,  duration  and  stirring  speed,  etc.).  It  proved  that 
the  synthesis  must  be  done  by  oxalic  way,  with  lithium 
hydroxide  mixed  with  metal  salt  nitrates  in  a  ratio  4: 1 ,  in  an 
ethylic  solution.  This  ratio  is  necessary  to  have  a  pure  phase 
and  a  good  lithium  intercalation.  This  procedure  allows  a 
better  mixture  of  elements  and  thus  a  better  particles  reparti¬ 
tion  and  homogeneity.  Such  reactions  yield  materials  of 
higher  reactivity.  So,  this  coprecipitation  method  shows  that 
ethanol  as  solvent  has  a  good  influence  on  the  morphology 


control  and  lithium  hydroxide  in  obtaining  a  pure  oxide  after 
thermal  treatment.  Lithium  intercalation  can  be  important 
with  this  type  of  oxide  morphology  due  to  the  presence  of 
diffusion  paths. 

Measurements  of  surface  specific  area  have  shown  good 
values  for  LiCo0  95Mn0  05O2  at  a  calcination  temperature  of 
700°C  and  these  values  are  larger  than  that  of  LiCoCL  at  all 
temperatures  (at  T  =  700  or  750°C  with  a  factor  10).  In  fact, 
presence  of  manganese  seems  essential  to  the  improvement 
of  ,S'W  which  is  a  parameter  directly  linked  with  reactivity. 
Generally,  the  more  reactivity  of  a  material  is  important,  the 
more  performances  are  successful.  This  result  has  been 
correlated  with  other  studies  specifically  concerning  man¬ 
ganese.  This  criterion  is  significant  because  the  substitution 
of  cobalt  by  manganese,  in  few  proportion,  induces  a 
material  cost  reduction  because  cobalt  is  an  expensive  metal 
and  manganese  does  not  modify  the  material  structure. 
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